A study was undertaken from January to June 2016 with the aim of characterizing the environmental forms of intestinal helminths that are present in some marshy areas in Yaounde. Monthly water samplings were carried out on eight different marshy areas which are: Bonamoussadi, Melen, Etoug-ebe, Mvog-betsi, Mokolo-elobie, Tsinga, Ekounou and Damas in the city of Yaounde. The observation of eggs and larvae of helminths was done using an inverted Olympus CK2 microscope with objective 40, after concentration of the samples, following the formol-ether concentration and/or Kato-Katz techniques. The hydrological and physicochemical assessment of the samples reveals a low oxygenation (20.93 ± 9.83%) and a high mineralization (566.16 ± 119.91 μS/cm) of these ecosystems. The biological analysis reveals the presence of eggs belonging to Ascaris sp., Enterobius sp., Ankylostomes sp., Trichostrongylus sp., Trichuris sp., Taenia sp., Hymenolepis nana, Hymenolepis diminuta, Diphyllobothrium sp., Fasciola sp., Schistosoma sp. and the larvae of Strongyloïdes sp. The statistical analysis presents a significant correlations to the threshold of 5% and 1% between the physicochemical and biological parameters quantified in our study.
Introduction
Parasitic infections represent more than 40% of the morbid load of tropical diseases in the world (Youssef and Driss 2007) . Africa shares this situation in the intertropical belt, which constitutes a predirection for parasitic infections. Among these diseases, helminthiasis occupies a considerable position in tropical Africa. It affects more than 2 billion people in the world, among whom 300 million present serious infections and 155,000 deaths are exposed to their direct or indirect effect each year (WHO 1999) . In Cameroon, helminthiases are part of the most chronic parasitic diseases (Tchuem Tchuemté et al. 2001) . Epidemiological surveys carried out gave some indications on the prevalence of the most frequent worms. More than 7 million people are infested by trichocephalosis, 6 million by ascaridiasis and 2 million by ankylostomiasis in tropical Africa. In spite of these observations, helminthiases nowadays have little interest besides diseases like the acquired immune deficiency syndrome (AIDS), tuberculosis and malaria (PNLSHI 2010) .
The town of Yaounde has a high level of urbanization, and the access to good quality water still remains an expectation for the inhabitants. This water deficit imposes on the population to reuse water flowing through the marshy areas in agriculture (Kengne et al. 2002) . This has the advantage of enriching the irrigated soils and plants with nutrients such as nitrates and phosphates. The issuing wastewater is a potential source of viral, bacterial and parasitic contamination (Youssef and Driss 2007) . The present aims of this study are isolating and identifying the various forms of resistance of intestinal helminths that are present in the marshy areas in Yaounde and assessing the role played by environmental factors for their dissemination.
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Materials and methods

Map of the sampling stations
Period of study
The study was carried out from January to June 2016, in eight marshy zones (Bonamoussadi, Melen, Mvog-betsi, Etoug-ebe, Mokolo, Tsinga, Ekounou and Damas) of Capital city of Yaounde. Physicochemical and biological analyses were carried out on water samples taken from these stations following a monthly frequency. The monthly data obtained were then grouped according to the long dry season (LDS) and the short rainy season (SRS). 
Physicochemical analysis
The physicochemical analyses were carried out following the recommendations of Rodier (2009) . The water samples were taken using the adapted bottles with double closing system of 250 and 1000 mL and then preserved and transported in a cooled flask for analysis in the laboratory of Hydrobiology and Environment of the University of Yaounde I. Temperature was measured by the electronic thermometer. Dissolved oxygen content was carried out by the volumetric method of Winkler, and oxydability was done by titration. The evaluation of electric conductivity was done by multimeter model HANA HI 9829. Suspended matter was measured in the laboratory by colorimetry using a spectrophotometer DR/3900. Orthophosphates, ammoniacal nitrogen and nitrates were quantified by colorimetry by spectrophotometer DR/3900 using reagents such as NitraVer for nitrate and PhosVer for orthophosphate.
Biological analyses
The sampling for the identification of helminths eggs and larvae was carried out in each station on the sampling points that are characterized by an accumulation of organic matter and the presence of macrophytes in the water banks. After a slight agitation, to put the suspended particles into the column, water was immediately taken using sterile polyethylene bottles of 1 L and was fixed with formalin 10% and then transported to the laboratory of Hydrobiology and Environment of the University of Yaounde I. These samples were left to rest at ambient temperature for 24 h period to allow the process of sedimentation; then, the supernatant was poured, and the volume of the sediment base collected was measured. The Kato-Katz and formol-ether concentration techniques enabled us to concentrate the parasitic elements in order to guarantee a better enumeration. The observation of eggs and larvae of helminths was done under an inverted microscope of mark Olympus CK2, with objectif 40 and identified using WHO keys for identification (WHO 1994) . The dimensions were measured by the ocular micrometer of the optical microscope.
The number of parasitic helminths eggs (X) in 1 L of sample can be obtained by the following formula (Ajeagah et al. 2014 ):
The statistical analyses were carried out using the software SPSS 17.0 with Kruskal-Wallis, associated with Mann-Whitney test and the correlations of Spearman, while the principal components analysis was carried out with the assistance of XLSTAT software. The values of conductivity were higher in LDS with a maximum of 1080.33 ± 303.2 µS/cm (Mvog-betsi, LDS) and a minimum of 220 ± 38.1 µS/cm (Ekounou, SRS) ) is observed at Mvog-betsi during the LDS (Fig. 3b) . These values present an average value of 0.326 ± 0.183 mg/L of NH . Both these parameters do not show any significant relationship on the seasonal and spatial level (p < 0.05).
Parasitological analyses
The parasitological evaluation of the marshy areas enabled an enumeration of helminths eggs belonging to 12 species, namely Ascaris sp., Trichuris sp., Enterobius sp., Ankylostomes sp., Trichostrongylus sp., Hymenolepis nana, Hymenolepis diminuta, Taenia sp. Diphyllobothrium sp., Schistosoma sp., Fasciola sp. and the larvae of Strongyloïdes sp.
Seasonal variation of the density of helminths eggs and larvae Apart from Etoug-Ebe, all the other sampling points present highest loads during the SRS. During this season, the densities vary from 1224 parasitic forms at Tsinga to 164 parasitic forms at Damas (Fig. 4) . During the LDS, the highest load was also observed at Tsinga (693 agents) and (Fig. 5a ).
Apart from Melen and Damas, all the other sampling points present the highest Ancylostoma sp. eggs load during the SRS (Fig. 5b) . During this season, the densities vary from 75 ± 60 eggs/L at Mokolo to 0 eggs/L at Ekounou. During the LDS, the highest load was observed at Melen (43 ± 73 eggs/L) and the lowest at Bonamoussadi, Etougebe, Tsinga and Ekounou (0 ± 0 eggs/L).
All the stations present the highest Enterobius sp. egg load during the SRS. During this season, the densities vary from 311 ± 427 eggs/L at Mvog-betsi to 9 ± 9 eggs/L at Ekounou. During the LDS, the highest loads are observed at the Mvog-betsi and Tsinga (6 ± 10 eggs/L) and lowest at the Bonamoussadi, Etoug-ebe, Ekounou and Damas (0 ± 0 eggs/L) as presented in Fig. 5c . Except for the Etoug-ebe marshy area, all the other marshy areas present the highest Trichuris sp. egg load during the SRS (Fig. 5d) . During this season, the densities vary from 104 ± 65 eggs/L at Tsinga to 3 ± 5 eggs/L at Damas. During the LDS, the highest load was observed at Etoug-ebe (240 ± 415 eggs/L) and the lowest at Bonamoussadi and Melen (0 ± 0 eggs/L).
All the stations present the highest Trichostrongylus sp. egg load during the SRS. During this season, the densities vary from 88 ± 77 eggs/L at Tsinga to 10 ± 17 eggs/L at Damas (Fig. 5e) . During the LDS, the highest load is observed at Bonamoussadi station (26 ± 45 eggs/L) and the lowest at the Mvog-betsi and Etoug-ebe (0 ± 0 eggs/L). All the stations present the highest load of Strongyloïdes sp. larvae during the SRS (Fig. 5f ). During this season, the densities vary from 303 ± 264 larvae/L at Mokolo to 30 ± 51 larvae/L at Damas. During the LDS, the highest load is observed at the Tsinga (73 ± 123 larvae/L) and the lowest at the Etoug-ebe and Ekounou (0 ± 0 larvae/L). 
Seasonal variation of cestode eggs:
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strongest load is observed at Tsinga (204 ± 323 eggs/L) and the lowest at Damas (10 ± 17 eggs/L) (Fig. 6a) . During the SRS, the density of eggs of Hymenolepis diminuta varied from 46 ± 17 eggs/L at the Mvog-betsi with 0 ± 0 eggs/L at the Tsinga, and during the LDS, this density varies from 198 ± 10 eggs/L at the Tsinga with 0 ± 0 eggs/L at the Mokolo and Ekounou (Fig. 6b) . Apart from Bonamoussadi and Damas, all the other marshy areas present the highest Taenia sp. egg load during the SRS. During this season, the densities vary from 118 ± 38 eggs/L at Mokolo to 0 ± 0 eggs/L at Ekounou. During the LDS, the highest load is also observed at Mokolo (73 ± 41 eggs/L) and the lowest at the Mvog-betsi, Etougebe, Tsinga and Ekounou stations (0 ± 0 eggs/L) (Fig. 6c) . At the exception of Tsinga, all the other areas present the highest Diphyllobothrium sp. egg load during the SRS (Fig. 6d) . During this season, the densities vary from 87 ± 151 eggs/L at Mvog-betsi to 3 ± 5 eggs/L at Ekounou. During the LDS, the highest load is observed at Melen (48 ± 81 eggs/L) and lowest at the Mvog-betsi, Etoug-ebe and Ekounou (0 ± 0 egg/L).
Seasonal variation of trematodes eggs: Schistosoma (A) and Fasciola (B) At the exception of Mokolo and Ekounou,
all the other areas present the highest Schistosoma sp. eggs load during the SRS. During this season, the density varies from 62 ± 47 eggs/L at Bonamoussadi to 5 ± 5 eggs/L at Ekounou. During the LDS, the highest load is observed at Mokolo (22 ± 27 eggs/L) and the lowest at Damas (2 ± 4 eggs/L) (Fig. 7a) . No significant difference was observed during the seasons (p = 0.8437) for the biodynamic of the pathogens assessed.
The eggs of Fasciola sp. were higher in the SRS; during this season, the highest value (59 ± 101 eggs/L) was observed at the Mokolo and the lowest value (0 ± 0 egg/L) was observed in Damas. During the LDS, the highest value (31 ± 49 eggs/L) was observed at Tsinga while the lowest values (0 ± 0 eggs/L) were observed in Bonamoussadi, Etoug-ebe, Mokolo, Ekounou and Damas (Fig. 7b) . Table 1) .
Statistical analyses
Correlations of spearman
Analysis of principal components (ACP)
The principal components analysis (Fig. 8) reveals distribution of all the measured parameters and sampling stations into 3 groups, according to the relationship which exists between these parameters and the stations. Group 1 presents Etoug-ebe and Mvog-betsi attesting a connection between certain chemical parameters such as electric conductivity, oxydability, ammoniacal nitrogen, dissolved oxygen and eggs of Trichuris sp., Enterobius sp. Group 2 mainly contains eggs of Taenia and Diphyllobothrium which are characteristic of the Melen and Mokolo stations. Group 3 is made of Tsinga and Bonamoussadi which are among the most polluted marshy areas that present a high correlation between the highest values of temperature, orthophosphate and the eggs of Ascaris sp., Trichostrongylus sp., Hymenolepis nana, Hymenolepis diminuta, Schistosoma sp., Fasciola sp., Strongyloïdes sp. Damas and Ekounou stations which are those indicating the lowest number of parasitic elements were found do not present any relationship with the physicochemical and biological parameters. Table 1 Correlations between some physicochemical and biological variables *Significant correlation to the threshold 5%, **significant correlation to the threshold 1% 19 Page 8 of 9
Discussion
T h e ave r a ge va l u e o f e l e c t r i c c o n d u c t i v i t y (566.16 ± 119.91) µS/cm recorded from this study is characteristic of averagely mineralized water. The highest value of electric conductivity (1080.33 ± 303.27) µS/cm obtained at Mvog-betsi station could explain clearly that the main part of the dissolved ionizable substances which enrich this medium results from the mineralization of the organic matter as a result of human activities (Nola et al. 2006) .
The low values of oxygenation obtained could represent organic pollution, and the values lower than 30% obtained in LDS and those lower than 50% obtained in SRS are characteristic of very polluted ecosystems (Rodier 2009 ). The increase in the rate of oxygenation observed in the rainy season could be due to the phenomenon of turbulence and mixing of water, supported by the rains and winds (Rodier 2009 ). The average value of oxydability (12.86 ± 16.56 mg/L of KMnO 4 ) obtained at Mokolo is higher than the standards recommended for surface water quality which is less than 10 mg/L of KMnO 4 . This could be explained by a significant anthropogenic activity at this point, as materialized by several artisanal activities and precarious sanitary conditions.
The average values of nitrate (5.48 ± 1.60 NO (FAO 2003) . This high value could be explained by the arrival of domestic wastewater that is rich in detergent solutions, of water effluents coming from latrines or by the scrubbing of the cultivated grounds containing phosphate-enriched fertilizers. According to Rodier (2009) , the presence of phosphates in water is related to the decomposition of the organic matter.
The biological analysis of the water samples of the various stations reveals variable densities of intestinal helminths eggs and larvae, with 56% nematodes, 34% cestodes and 10% of trematodes. Similar observations (86% of nematodes, 10% cestodes and 4% of trematodes) had been presented by Nsom et al. (2010) The presence of helminths eggs and larvae in these waters testify the law of environmental quality of urban water systems. According to Rodier (2009) , the presence of the intestinal parasites in marshy zones is related to a contamination of fecal origin. Moreover, according to the French Institute of Tropical Medicine (2004), the prevalence of helminthiases is very high in the marshes and is a function of the climatic, socioeconomic and demographic factors. These observations join those of Kengne et al. (2002) working in some stream detected a pollution of fecal origin.
Seasonally, the highest densities of helminths eggs and larvae were observed in SRS. This could be explained by organic matter coming from toilets and households. Similar observations had been made by Kouam et al. (2010) . In this light, WHO (1989) announces that the abundance of helminths eggs in the rainy season is due to the conditions of temperature, moisture, oxygen and solar radiation which is favorable to their embryonic (Ajeagah et al. 2014) . The eggs and larvae of helminths can resist up to two years between − 30 and +30 °C and are sensitive to heat. In the same order, the Institute of Tropical Medicine declares that the high precipitations observed in the rainy season lead to soil humidification, thus facilitating the maturation and the dissemination of helminths eggs and larvae having as consequence the increase in the prevalence rate (IFMT 2004).
On the spatiotemporal plan level, Tsinga station has the highest density of parasitic agents (958 ± 888 agents/L), this could be explained by the presence of a market and of a stadium in the surroundings, and thus, the absence of toilets causes the various users to defecate in the macrophytes which are around the marshy area. The Mokolo and Bonamoussadi closely follow Tsinga with, respectively, 710 ± 700 agents/L and 700 ± 588 agents/L. These high loads could be explained by the presence of toilets along the river banks which borders the Bonamoussadi area and also by arrival of the effluents coming from the University Hospital Complex. According to Ajeagah et al. (2014) , the effluents of hospitals contain many forms of helminths that could easily be released toward the marshy area (Aghaindum et al. 2016) . The low value of parasitic agents observed at the Damas compared to the other stations could be explained by the long distance between this station and the dwelling houses. The high distribution of Ascaris sp. eggs could be explained by their high resistance in the environment, due to the presence of a thick membrane, and the eggs can last a long time in the external medium (Bouhoum et al. 1997) . The low representativeness of Schistosoma sp. eggs is due to their very fragile nature in polluted environment.
High correlations were observed between suspended mater and organic matter and between suspended matter, organic matter and parasitic elements. Suspended solids and the organic matter play a significant role in the dissemination of the helminths eggs and larvae in the environment by their association into ionic, covalent and hydrogen bonding (Aghaindum et al. 2016) .
Conclusion
This study made it possible to evaluate the physicochemical quality and to characterize the forms of resistance of the helminths in some marshy zones of Yaounde. The studying areas present anthropic pollution with an increase in biodegradable organic and fecal matter. The biological analysis reveals the presence of helminths eggs and larvae of which 56% are nematodes (Ascaris sp., Enterobius sp., Ankylostomes sp., Strongyloïdes sp., Trichostrongylus sp., Trichuris sp.); 34% are cestodes (Taenia sp., Hymenolepis nana, Hymenolepis diminuta, Diphyllobothrium sp.); 10% are trematodes (Fasciola sp., Schistosoma sp.). The highest densities of eggs and larvae were recorded during the short rainy season. Positive correlations were noted between the biological and physicochemical parameters of the medium. The majority of the gardening crops and fruits in Yaounde come from marshy areas, and the presence of pathogenic agents in these areas renders these waters unsuitable for the irrigation of crops and their usage in domestic chores.
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